INTRODUCTION
Blunt abdominal trauma (BAT) is one of the most considerable causes of injury in trauma patients. [1] A survey on 1,224 trauma patients admitted to Liverpool hospital reported that 79% of them had BAT, and the main causes were road accidents. [2] Stable patients who suffering from BAT may have intra-abdominal hemorrhage. Some of them need surgical intervention due to solid or hollow organs injuries. [3] In multiple trauma patients, symptoms and signs of peritoneal irritation might be unreliable for diagnosis of intraabdominal injury. Hence, laboratory data can be useful to help doctors in this difficulty. [4] Laboratory tests (complete blood count, venous blood gas, base deficit, and urinalysis), diagnostic peritoneal lavage, and imaging (computed tomography [CT] scan and sonography) are frequently used in evaluating trauma patients. They have some limitations such as lack of enough sensitivity or specificity, unavailability Background: Blunt abdominal injury is a leading cause of death in trauma patients. A reliable test predicting intra-abdominal hemorrhage would be a novel method. The study objective was to assess the diagnostic accuracy of plasma ammonia in detection of intra-abdominal bleeding in patients with blunt abdominal trauma (BAT). Materials and Methods: In this observational study, all patients suffering from BAT, referred to our university teaching hospital included. The levels of ammonia were measured at the time of emergency department admission and 1 h after initial treatment. Demographic data, vital signs, and venous blood gas reports were recorded. Findings of contrast-enhanced abdominopelvic computed tomography scan and laparotomy were assumed as a gold standard for abdominal injuries. Results: A total of 104 patients was enrolled in the study. 15 patients (14.4%) had intra-abdominal hemorrhage and the mean plasma ammonia level in this group was significantly higher than the other patients on admission time (101.73 ± 5.41 µg/dL vs. 47.36 ± 26.31 µg/dL, P < 0.001). On receiver-operator characteristic curve analysis, in cutoff point of 89 µg/ dL, the sensitivity, specificity, positive and negative likelihood ratios were 100% (95% confidence interval [CI], 79.6-100), 93.26% (95% CI, 86-96.8), 14.83 (95% CI, 6.84-32.12), and 0, respectively. Conclusion: The study findings suggest the measurement of ammonia level at the time of admission in the patients with BAT would be a useful test predicting intra-abdominal hemorrhage. Furthermore, decrease in the ammonia level could be a useful marker for monitoring response to treatment in these patients. department of our university teaching hospital with BAT enrolled in the study. The study was approved by the human subjects committee at our department. The code number of the research project in Iran University of Medical Sciences was 907. The patients with cardio-respiratory arrest, penetrating trauma, liver and kidney disease, other injuries that would lead to significant hemorrhage, patients who received prehospital intravenous (IV) fluid or blood components before sampling (because early IV hydration could change the value of plasma ammonia in our patients) and the period time more than 1 h between trauma and blood sampling (because we wanted to evaluate plasma ammonia as an early predictive test in BAT. Furthermore, the half-life of plasma ammonia is relatively short) were excluded.
According to inclusion criteria, 104 of 136 patients with BAT were recruited. At our center, trauma patients are treated according to the American College of Surgeons' Advanced Trauma Life Support protocol. [14] Demographic data, vital signs including shock index (SI) (heart rate/ systolic blood pressure) at admission, venous blood gas reports, findings of abdominal sonography, and need for blood transfusion were recorded. The SI is normally 0.5-0.7 and has been shown to be elevated in the setting of acute hypovolemia and left ventricular dysfunction. [15] In this study, the indices higher than 0.7 assumed high SI. Findings of contrast-enhanced abdominopelvic CT scan and laparotomy considered as standard criteria for determining abdominal injuries (hemorrhage). Levels of ammonia measured at arrival time to the ED and 1 h after therapeutic interventions (fluid therapy, blood transfusion or at the end of laparotomy). Venous blood samples (3 ml) gathered in tubes filled with ethylene diamine tetra acetic acid. In order to maintain the cold chain, samples were quickly delivered to the laboratory, separation of plasma was done immediately, and then plasma ammonia level was measured within 10 min using spectrophotometer in 340 nanometers. Plasma ammonia was measured by an enzymatic method using glutamate dehydrogenase (normal range, 15-90 µg/dL) (Cobas Ammonia NH3L, Roche Diagnostics, Inc., Tokyo). [16] One week later, patients who discharged from ED after observation time were followed by telephone call about any abdominal problems.
All statistical analyses were performed using SPSS statistical software, version 18.0, IBM, Chicago, Illinois, USA. Since the data were normally distributed, parametric statistical tests were used. We analyzed continuous variables using independent (unpaired) t-test. The paired t-test was applied to compare plasma ammonia level before and after initial treatment. One-way ANOVA test was used to compare the three groups of disposition state regard of levels of ammonia. A κ (kappa) statistic was calculated to assess the agreement between findings of sonography and CT scan of the participants. A 2-by-2 table was used to calculate the sensitivity, specificity, positive predictive value, and negative predictive value. P < 0.05 considered as significant. Performance of plasma ammonia level for detecting intra-abdominal hemorrhage at various cutoff values was evaluated by receiver-operator characteristic (ROC) curve.
RESULTS
In a period of 6 months, 104 patients enrolled in the study. The results of medical records are shown in Table 1 .
T h e m e a n a m m o n i a l e ve l i n a l l p a t i e n t s wa s 55.20 ± 31.04 µg/dL. In 21 patients (20.2%), the level of plasma ammonia was higher than normal (normal range 15-90 µg/dL according to the manufacturer's instruction). Abdominopelvic CT scan and sonography were performed according to BAT guidelines. [14] 15 patients had abnormal findings. Results of sonography and CT scan were consistent (κ = 0.844, P < 0.001). Only in two patients, the findings were incompatible (false negative sonography). Diagram 1 shows the flow of patients through the study.
Nine of 15 victims who were hemodynamically unstable or their CT scan findings were abnormal delivered to the operation room. In 7 patients, hemoperitoneum or intra-abdominal organ injuries (liver or spleen) were found during laparotomy. Pelvic external fixation was performed for 2 other patients. Those 6 patients, who did not deliver to the operation room, were admitted to the ICU and discharged a few days later without surgical intervention. Overall, 8 patients needed blood transfusion. The mean level of plasma ammonia among patients with an abdominal injury was statistically higher than patients without injury (101.73 ± 5.41 µg/dL vs. 47.36 ± 26.31 µg/dL, independent t-test, P < 0.001) [ Table 2 ]. Only 6 patients without abdominal injury had a high level of ammonia.
Statistical analysis showed a significant correlation between the level of ammonia and SI. In patients with the normal level of SI, the mean ammonia level was 50.28 ± 27.66 µg/dL. In patients with high level of SI, it was 78.72 ± 36.14 µg/dL (independent t-test, P < 0.001).
We found that the ammonia level was higher in patients who received transfusion than the others (105.33 ± 3.21 µg/ dL vs. 53.71 ± 30.25 µg/dL, independent t-test, P = 0.004). Actually, in all patients who received transfusion the plasma ammonia levels were more than 90 µg/dL.
Regarding patients plasma ammonia level and outcome, we found that in patients who discharged from ED, the level of ammonia was statistically lower than hospitalized patients (one-way ANOVA, Tukey HSD, P < 0.001) [Graph 1].
Moreover, high ammonia level and abdominal free fluid were reported in two patients who died. Although this result was not statistically significant (P > 0.05), a larger study is required to ascertain if an association with the ammonia level and patients mortality exists.
We compared the ammonia level in two genders. It revealed that the level of ammonia in men and women was 55.9 and 50.1 µg/dL, respectively, without any significant difference (independent t-test, P = 0.527). There was no relation between the level of ammonia and age either (Pearson correlation, P = 0.579).
The results of abdominal CT scan and laparotomy were used as a gold standard for determination of the cutoff point (a patient was considered positive, when one of the noted variables were positive).
On ROC curve analysis, in cutoff point of 89 µg/dL, the sensitivity, specificity, positive and negative likelihood ratios were 100% (95% confidence interval [CI], 79.6-100), 93.26% (95% CI, 86-96.8), 14.83 (95% CI, 6.84-32.12), and 0, respectively. Performance of plasma ammonia level for detecting intra-abdominal hemorrhage at various cutoff values is shown in Table 3 . As shown in Table 3 , the optimal cutoff level of ammonia was 89 µg/dL. The area under curve (accuracy of the test) for plasma ammonia level was calculated 0.95 (95% CI, 0.91-0.99) [Graph 2]. Area under the curve for variables in ROC curve has been shown in Table 4 .
One hour later, the level of ammonia was measured again in 15 patients with intra-abdominal bleeding after medical None of the discharged patients had abdominal complaint or death on 7 th day of follow-up through telephone call.
DISCUSSION
We found that the high level of plasma ammonia in BAT patients could be a valuable predictor of intra-abdominal hemorrhage. During intra-abdominal hemorrhage, liver blood flow is decreased, and consequently liver function impairment occurs. This causes reducing glutamine production in peri-central hepatocytes and decrease urea production in peri-portal hepatocytes. Hence, ammonia excretion diminishes and its plasma level increases. [13, 17] This survey showed that plasma ammonia level is a worthy factor for detecting intra-abdominal hemorrhage in BAT.
In those patients whom intra-abdominal bleeding proved by laparotomy or diagnostic interventions, higher plasma ammonia level was reported.
Hagiwara and Sakamoto [12] did the same study included 282 trauma patients in two groups, with and without intra-abdominal hemorrhage. The mean ammonia level in the first group was significantly higher, 113 ± 52.2 versus 55.4 ± 20.8 µg/dL. Sensitivity and specificity of plasma ammonia level in the diagnosis of intraabdominal bleeding in blunt trauma patients were 82% and 89%, respectively. These results are a little different with ours. They chose the cut-off level of 77 µg/dL, but we calculated 5 different cut off points. Besides, the number of patients in their study were more than the current study.
The other finding we reached was a significant correlation between plasma ammonia level and SI. Several studies showed that after reducing intravascular volume, SI increases. [18, 19] We also found a significant relation between plasma ammonia level and abnormal findings in CT scan or laparotomy. Hence, it is reasonable to have great consideration and perform appropriate emergency management for patients with BAT who have high ammonia level.
In our study, 8 patients received blood transfusion and in all of them level of plasma ammonia was higher than normal range. Hence, it may seem that there is a correlation between increased plasma ammonia level and need of blood transfusion.
Serum half-life of ammonia is a few minutes. [19] If plasma ammonia level remains high; it means the process of intraabdominal injury is still continued. One hour after medical or surgical treatment, the level of ammonia measured again and in most of the patients returned to the normal range. Hence, we propose that there is a relation between change of plasma ammonia level and management quality and adequacy.
To the best of our knowledge, there is no study that measured the level of ammonia in trauma patients before and after treatment. In the other way, the present study is the first survey that shows plasma ammonia level decreases after medical or surgical interventions. 87.5% of the patient population were male. This could be a limitation of this study because it may skew the results from a gender bias perspective.
The other one is the number of trauma patients with the end point we examined was small. Further studies with more patients could reach the more accurate findings.
We did not evaluate the relation between ammonia level and amount of intra-abdominal free fluid. Future studies could mention it.
There are currently more accurate ways to detect intra-abdominal hemorrhage like ultrasound and CT scan. Hence, the use of ammonia levels alone is an imprecise method of detecting bleeding. Whenever this imaging is not available, plasma ammonia level could be a useful test to find which blunt trauma patients have intra-abdominal injuries.
CONCLUSION
Physicians do not rely on laboratory values alone to diagnose intra-abdominal hemorrhage following BAT. Our study suggests that measurement of plasma ammonia level may be a valuable diagnostic factor for detecting intra-abdominal hemorrhage and can be used as a predictive test in these patients. Furthermore, decreasing the level of ammonia to the normal range may suggest a proper response to medical treatments in the patients. Future studies with a larger number of cases are needed to investigate about ammonia levels in addition to lactate and base deficits to evaluate efficacy of resuscitation in trauma patients with intra-abdominal hemorrhage.
